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doi:10.1016/j.jtcvs.2006.03.057bjectives: Sudden cardiac death is a leading cause of mortality in patients with
ongenital cardiac disease after surgical correction and is potentially preventable.
he identification of patients at risk is therefore of major interest. We sought to
ssess the prognostic value of impaired cardiac autonomic nervous activity in
atients with congenital cardiac disease.
ethods: Forty-three consecutive patients with congenital cardiac disease were
ncluded in this prospective study. Parameters of heart rate turbulence and heart rate
ariability were calculated from Holter electrocardiograms. In addition, serum brain
atriuretic peptide levels were measured. A combined end point of sudden cardiac
eath or nearly missed sudden cardiac death was used.
esults: During a mean follow up of 27 12.7 months, 5 patients died, and another
were successfully resuscitated. On univariate analysis, both brain natriuretic
eptide levels and parameters of heart rate variability and heart rate turbulence were
ssociated with impaired prognosis. On multivariate analysis, pathologic heart rate
urbulence was found to be the strongest independent risk stratifier (hazard ratio,
1.5; P  .001).
onclusions: Impaired cardiac autonomic nervous activity is associated with an
ncreased risk of sudden cardiac death in congenital cardiac disease. Our results
uggest that heart rate turbulence might be superior to established markers of
ardiac autonomic dysfunction, such as heart rate variability. The combined use
f heart rate turbulence, heart rate variability, and markers of neurohormonal
ctivation, such as brain natriuretic peptide, might further improve the prognos-
ic value.
udden cardiac death is a leading cause of mortality in patients with congenital
cardiac disease (CCD) and is potentially preventable. The identification of
patients at risk is therefore of major interest.
Cardiac autonomic nervous dysfunction is associated with an increased risk
f death in noncongenital cardiovascular cohorts. Because cardiac autonomic
ervous dysfunction is common in patients with CCD,1,2 we hypothesized tha
t might have similar prognostic implications in adolescents or adults with CCD
nd could be a means of assessing risk in this evolving population.
Heart rate variability (HRV) is an established measure of cardiac autonomic
ervous function. Pathologic HRV has been shown to be a powerful and
ndependent predictor of adverse prognosis in patients with heart disease and in
he general population.3 Recently, a novel parameter of cardiac autonomic
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Dervous dysfunction, heart rate turbulence (HRT), has
een introduced into clinical practice. Parameters of HRT
ave been shown to be powerful electrocardiography
ECG)–related risk predictors for mortality after myocar-
ial infarction4-8 and in patients with chronic he
ailure.9,10
To the best of our knowledge, there are no data regarding
he prognostic significance of HRT and HRV in patients
ith CCD. The objective of the current study was to assess
he prognostic value of these parameters for risk stratifica-
ion in patients with CCD.
atients and Methods
orty-three consecutive patients with CCD (27 male and 16 female
atients; mean age, 27.0  12.7 years) who underwent 24-hour
CG recording for clinical reasons (previous arrhythmias, palpi-
ations, or syncope) at our institution were enrolled in this pro-
pective study. Patients with a preexisting cardiac pacemaker were
xcluded. All patients were continuously followed up at a special-
zed center for adults with CCD. Functional status of the patients
as determined by a specialist in adult CCD using the Perloff
lassification.11
Baseline demographic data are shown in Tables 1 and 2
ncluded 21 patients with a systemic right (morphologic) ven-
ricle (20 atrial switch operations for transposition of the great
rteries and 1 congenitally corrected transposition of the great
rteries), 3 patients after late closure of an atrial septal defect (1
urgical and 2 interventional), 1 patient after repair of a com-
lete atrioventricular septal defect, 5 patients with pulmonary
tresia after allograft repair, 7 patients with single-ventricle
hysiology (2 with double-outlet right ventricle, 1 with double-
nlet left ventricle, and 4 after Fontan-type repair), and 3
atients after repair of tetralogy of Fallot. In addition, there
ere 3 patients with miscellaneous lesions (1 patient with
bstein’s anomaly, 1 patient with repaired aortic coarctation,
Abbreviations and Acronyms
BNP  B-type natriuretic peptide
CCD  congenital cardiac disease
CI  confidence interval
ECG  electrocardiography
HRT  heart rate turbulence
HRV  heart rate variability
HRVTI  heart rate variability triangular index
RMSSD  square root of the mean square differences
of successive RR intervals
SDANN standard deviation of mean values for all
normal-to-normal intervals over 5 minutes
SDNN  standard deviation of all normal-to-normal
intervals
TO  turbulence onset
TS  turbulence slope
VPB  ventricular premature beatnd 1 patient with aortic and mitral valve disease), as shown in p
48 The Journal of Thoracic and Cardiovascular Surgery ● Septee
able 2. Twenty-one patients were in functional class I, 
lass II, 3 in class III, and 6 in class IV. The vast majority of
atients underwent corrective or palliative operations in infancy
r childhood. Median time difference between surgical inter-
ention and Holter monitoring was 18.3 years (interquartile
ange, 15.4-24.7 years).
A combined end point of sudden cardiac death or nearly missed
udden cardiac death was used. Sudden cardiac death was defined
s death with documented ventricular fibrillation and unsuccessful
esuscitation or unexpected death occurring in a short time period
generally at home).
Holter monitoring was performed for a mean of 23.1  4.2
ours (Reynolds Pathfinder Software). The HRT parameters of
urbulence onset (TO) and turbulence slope (TS) were calcu-
ated, as described previously.4 Briefly, HRT reflects the phy-
ologic biphasic response of the sinus node to premature ven-
ricular contractions, most likely because of an autonomous
aroreflex.4,12-15 It consists of a short initial acceleration, -
owed by a deceleration of the heart rate. A premature ventric-
lar ectopic beat causes a brief disturbance of the arterial blood
ressure (low amplitude of the premature beat and high ampli-
ude of the ensuing normal beat). When the autonomic control
ystem is intact, this fleeting change is registered immediately,
ith an instantaneous response in the form of the HRT. If the
utonomic control system is impaired, this reaction is either
eakened or entirely missing. TO represents the percentage
ifference between the heart rate immediately after a ventricu-
ar premature beat (VPB) and the heart rate immediately pre-
eding a VPB. It is calculated by using the following equation:
O  ([RR1  RR2]  [RR-2  RR-1])/(RR-2  RR-1)  100,
ith RR-2 and RR-1 being the first 2 normal intervals preceding
he VPB and RR1 and RR2 being the first 2 normal intervals
fter the VPB. Initially, TO is determined for each individual
PB, followed by the determination of the average value of all
ndividual measurements. Positive values for TO indicate de-
eleration, and negative values indicate acceleration of the
inus rhythm. Values 0 or greater were classified as patholo4
TS corresponds to the steepest slope of the linear regression
ine for each sequence of 5 consecutive normal intervals in the
ocal tachogram. The TS calculations are based on the averaged
achogram and expressed in milliseconds per RR interval. Val-
es of less than 2.5 ms were classified as pathologic.
From the same Holter recording, the following parameters of
RV were determined: standard deviation of all normal-to-
ormal intervals (SDNN), standard deviation of mean values for
ll normal-to-normal intervals over 5 minutes (SDANN), HRV
riangular index (HRVTI; ie, the integral of the density distri-
ution divided by the maximum density distribution), and
quare root of the mean square differences of successive RR
ntervals (RMSSD).
Patients’ blood samples were collected in ethylenediamine
etraacetic acid tubes. B-type natriuretic peptide (BNP) was
mmediately determined by using a commercial fluorescence
mmunoassay (Triage BNP test; Biosite, San Diego, Calif). The
easurable range of the Triage BNP test is from 5 to 1300g/mL.
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DAll patients received extensive information about the aim of the
tudy and provided informed written consent, and this study was
pproved by the local ethics committee.
All values are presented as means  standard deviation.
omparisons between groups were made by using the Mann-
hitney U test, the 2 test, or the Fisher exact test, as appro-
riate. Pearson correlation coefficients are calculated to assess
he relationship between parameters of HRV and HRT. The
elationship between covariables and survival was initially
tudied with univariate Cox proportional hazard analysis. Sig-
ificant parameters were subsequently included into a multivar-
ate Cox proportional hazard model in a stepwise forward
election procedure. The hazard ratio with the 95% confidence
nterval (CI) and P values are presented. Hazard ratios for
ontinuous variables apply per unit of the analyzed variable. In
ddition, Kaplan-Meier cumulative survival plots were con-
tructed to illustrate the results. All tests are performed 2-tailed.
tatView 5.0 (Abacus Concepts, Inc, Berkeley, Calif) was used
or statistical analysis. Areas under the curve for sensitivity and
pecificity were constructed with MedCalc 5.0 software (Med-
alc Software, Mariakerke, Belgium) to compare different pre-
ictive values.
esults
linical Follow-up
he mean follow-up was 27  9 months. Five patients
ABLE 1. Baseline demographic and clinical data
All patients,
n  43
D
emographics
Age (y) 27.0 12.7
Sex (M/F) 27/16
iochemistry
BNP (pg/mL) 266 413
Troponin (g/L) 0.013  0.011
CK-MB (U/L) 5.9 1.5
CRP (mg/L) 5.4 14.2
Creatinine (mg/dL) 1.1 0.2
ean heart rate (beats/min) 71 11
eart rate turbulence
TO 0.013 0.033
TS 8.1  8.6
TO pathologic 12
TS pathologic 9
TO and TS pathologic 6
eart rate variability
SDNN 138.9 83.5
SDANN 124.7 83.8
RMSSD 32.2 18.7
HRVTI 34.2 21.0
S, Not significant; BNP, B-type natriuretic peptide; CK-MB, creatine
lope; SDNN, standard deviation of all normal-to-normal intervals; SDAN
minutes; RMSSD, square root of the mean square differences of sucied suddenly during follow-up (10 days to 29 months), (
The Journal of Thoracicnd 2 additional patients had a cardiac arrest and were
uccessfully resuscitated (both with documented ventric-
lar fibrillation during resuscitation).
eart Rate Turbulence
wenty-two patients had normal TO and TS values.
nother 6 patients had no ventricular ectopic beats dur-
ng Holter monitoring and were classified as “normal” (in
ccordance with previous studies).4,5 HRT was patho-
ogic in 15 patients. An isolated pathologic TO was found
n 6 patients, and 3 patients had an isolated pathologic
S. Pathologic values of both TO and TS were seen in 6
atients. All patients with pathologic TO and TS died
4/6) or were successfully resuscitated (2/6). In contrast,
nly 1 patient (1/37) with normal TO and TS died during
ollow-up ( 2  12.9, P  .0003, Figure 1). The indi
idual area under the curve values for parameters of HRT
re listed in Table 3. The relationship between event
urvival and HRT parameters is illustrated in Figure
eart Rate Variability
ean values for all parameters of HRV were significantly
igher in event-free survivors compared with those in
atients who died suddenly or had a cardiac arrest
or cardiac arrest,
n  7
Event-free survivors,
n  36 P value
23.3 9.0 27.7  13.3 NS
3/4 24/12 NS
998 227 111  237 .001
.023 0.026 0.011  0.002 NS
6.6 2.2 5.7  1.4 NS
18.6 31.5 2.6  3.4 NS
1.2 0.4 1.1  0.1 NS
80 16 69  10 NS
.007 0.008 0.018 0.035 .002
1.6 0.99 9.7  8.9 .001
6 6 .001
6 6 .001
6 0 .001
61.7 31.6 154.3  82.2 .001
44.4 26.1 140.8  82.2 .001
18.8 9.6 34.8  19.0 .02
13.1 6.1 38.5  20.4 .001
e MB; CRP, C-reactive protein; TO, turbulence onset; TS, turbulence
andard deviation of mean values for all normal-to-normal intervals over
ive RR intervals; HRVTI, heart rate variability triangular index.eath
0
0
kinas
N, stSDNN: 154.3  82.2 vs 61.7  31.6, P  .001;
and Cardiovascular Surgery ● Volume 132, Number 3 649
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DABLE 2. Diagnosis and previous surgical or interventional treatment
Underlying cardiac
defect
Previous
operation/intervention M/F Age (y)
Pathologic
TO
Pathologic
TS
Functional
class*
BNP
(pg/mL) Event
1 PA, VSD Allograft repair M 40   4 789 SCD
2 AS, MR AVR, MVR M 34   4 1300 SCD
3 CAVSD AVR, MVR F 21   3 1030 SCD
4 PA RV-PA Conduit M 21   3 1300 SCD
5 TGA Mustard F 21   4 974 VF
6 TGA Mustard F 22   3 814 VF
7 TGA, VSD Mustard M 26  2 491
8 TGA Senning M 26  1 40
9 TGA Mustard M 22  2 8
10 PA, VSD Allograft repair M 26  2 12
11 CoA, AS, AR Conduit repair M 35  1 4
12 TGA Senning M 21  1 3
13 PA, DORV Waterston F 30  4 1300
14 TA Fontan F 27  1 150
15 DORV, AVSD, PS AP shunt F 21  2 44
16 ASD II Interventional closure M 74 2 87
17 TGA Senning F 19 1 12
18 TGA Mustard F 38 1 43
19 DILV, TGA, PS, AS — M 31 2 38
20 TOF Repair M 38 1 34
21 TGA Senning F 21 1 26
22 Ebstein, PFO Interventional PFO closure M 54 2 225
23 TGA Mustard M 30 1 19
24 TGA Senning M 22 1 140
25 PA, VSD Allograft repair F 18 4 777 SCD
26 TGA Senning M 20 1 20
27 PA, VSD Closed valvotomy M 41 2 32
28 TGA Mustard F 32 1 30
29 TOF Repair M 37 1 81
30 TGA Mustard F 27 1 29
31 DORV, TGA, PS Fontan F 29 4 —
32 TGA Mustard M 38 2 25
33 TGA Senning M 23 1 13
34 PFO Interventional closure F 54 1 25
35 ccTGA — M 33 2 319
36 TGA Mustard M 28 2 23
37 DORV, TGA, PS Fontan M 20 2 213
38 TOF, ASD Repair M 65 2 63
39 TGA Senning F 21 1 32
40 TA Fontan F 20 1 66
41 PA, VSD Allograft repair M 14 1 —
42 Sinus venosus defect Repair M 21 1 —
43 TGA Senning M 20 1 25
O, Turbulence onset; TS, turbulence slope; BNP, brain natriuretic peptide; PA, pulmonary atresia; VSD, ventricular septal defect; SCD, sudden cardiac
eath; AS, aortic valve stenosis; MR, mitral regurgitation; AVR, aortic valve replacement; MVR, mitral valve replacement; CAVSD, complete atrioventricular
eptal defect; RV, right ventricle; TGA, transposition of the great arteries; VF, ventricular fibrillation; CoA, coarctation of the aorta; AR, aortic regurgitation;
ORV, double-outlet right ventricle; TA, tricuspid atresia; AVSD, atrioventricular septal defect; PS, pulmonary valve stenosis; AP shunt, aortopulmonary
hunt; ASD, atrial septal defect; DILV, double-inlet left ventricle; TOF, tetralogy of Fallot; PFO, patent foramen ovale; cc-TGA, congenitally corrected
ransposition of the great arteries. *FC indicates functional class according to the Perloff classification: 1, asymptomatic at all levels of activity; 2, symptoms
resent but not curtailing average everyday activity; 3, symptoms significantly curtailing most, but not all, average everyday activity; 4, symptoms
ignificantly curtailing virtually all average everyday activity or at rest. Values of turbulence onset of 0 or greater or turbulence slope of less than 2.5 ms
ere classified as being pathologic.50 The Journal of Thoracic and Cardiovascular Surgery ● September 2006
S
R
3
c
v
e
9
c
t
g
H
7 un-
d
T
C
T
a 0.49
a
H
T
B
T
v
l
p
d
F al-
y
b
(
d
t
p
P
O
a
T
m unc-
t
p
F
w
s
a
C
d
v
v
d
T
f
a
.
c
T
o
a
F
t
T
T
B
o
V
B
T
T
T
T
T
S
S
R
H
B
o
n
t
s
t
v
Lammers et al Surgery for Congenital Heart Disease
CH
DDANN: 140.8  82.2 vs 44.4  26.1, P  .001;
MSDD: 34.8  19.0 vs 18.8  9.6, P  .02; HRVTI:
8.5  20.4 vs 13.1  6.1, P  .001). Receiver operating
haracteristics curve analysis identified a SDNN cutoff
alue of 72 or greater as being the best predictor of
vent-free survival (sensitivity, 71.4%; specificity,
7.1%). For the other parameters of HRV, the calculated
utoff values are an SDANN of 60.0 or greater (sensi-
ivity, 85.7%; specificity, 97.1%), an RMSSD of 26 or
reater (sensitivity, 85.7%; specificity, 60.0%), and an
RVTI of 24 or greater (sensitivity, 100%; specificity,
4.3%), respectively (Figure 3). The individual area 
er the curve values for parameters of HRV are listed in
able 3.
orrelation Between HRT and HRV
he correlation coefficients between parameters of HRT
nd HRV are listed in Table 4. Correlations between 
nd 0.76 were found between TS and all parameters of
RV. In contrast, there was no correlation between TO and
S and between TO and HRV parameters.
-type Natriuretic Peptide
he mean BNP level was 266.4  412.9 pg/mL. Survi-
ors without cardiac arrest demonstrated a significantly
ower serum pg/mL level (111.3  237.2 mg/L) com-
ared with patients who died or had a cardiac arrest
uring follow-up (997.7  227.4 pg/mL, P  .0001,
igure 4). Receiver operating characteristics curve an
igure 1. Kaplan-Meier plot for patients in 3 different heart rate
urbulence subgroups: TO and TS normal, TO or TS pathologic, and
O and TS pathologic. TO, Turbulence onset; TS, turbulence slope.sis identified a BNP value of greater than 491 pg/mL as C
The Journal of Thoraciceing the best predictor of mortality or cardiac arrest
sensitivity, 100%; specificity, 97%). All patients who
ied and had BNP levels of greater than 491 pg/dL at the
ime of initial investigation died during follow-up, and 1
atient with a pg/mL level of 1300 pg/mL survived.
redictors of Mortality and Cardiac Arrest
n univariate analysis, BNP, TS as a continuous vari-
ble, pathologic TO, pathologic TS, pathologic TO and
S, SDNN, SDANN, and HRVTI were associated with
ortality and cardiac arrest (Table 5). In addition, f
ional status and a history of clinical arrhythmia were
redictive of adverse outcomes on univariate analysis.
urthermore, TO as a continuous variable and RMSDD
ere not predictive of an adverse outcome. Parameters
ignificantly predicting adverse outcome in univariate
nalysis were subsequently included in a multivariate
ox proportional hazard analysis. In contrast, parameters
erived from resting ECGs (QRS duration and QT inter-
al), as well as frequency of ventricular extrasystoles and
entricular tachycardia on 24-hour ECGs, were not pre-
ictive of outcome on univariate analysis. When TO and
S were included as continuous parameters, BNP was
ound to be the strongest predictor of survival/cardiac
rrest (hazard ratio, 1.003; 95% CI, 1.001-1.005; P 
0006). However, when pathologic TO and TS was in-
luded as a nominal variable (0  TO or TS normal, 1 
O and TS pathologic), pathologic TO and TS was the
nly independent predictor of all-cause mortality/cardiac
rrest in multivariate analysis (hazard ratio, 59.3; 95%
ABLE 3. Receiver operating characteristic analysis for
NP, parameters of heart rate turbulence, and parameters
f heart rate variability
ariable Area under the curve 95% CI
NP 0.973 0.863-0.996
O pathologic 0.835 0.681-0.934
S pathologic 0.882 0.738-0.962
O and TS pathologic 0.929 0.798-0.85
S* 0.954 0.824-0.994
O* 0.857 0.697-0.951
DNN 0.911 0.775-0.977
DANN 0.939 0.802-0.990
MSSD 0.763 0.600-0.884
RVTI 0.923 0.781-0.985
NP, B-type natriuretic peptide; CI, confidence interval; TO, turbulence
nset; TS, turbulence slope; SDNN, standard deviation of all normal-to-
ormal intervals; SDANN, standard deviation of mean values for all normal-
o-normal intervals over 5 minutes; RMSSD, square root of the mean
quare differences of successive RR intervals; HRVTI, heart rate variability
riangular index. *Turbulence onset and turbulence slope as continuous
ariables.I, 7.2-524.2; P  .0003; Table 6).
and Cardiovascular Surgery ● Volume 132, Number 3 651
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Discussion
entricular arrhythmia and sudden cardiac death are
eading causes of mortality in patients with CCD.16,17
isk stratification is of major importance because it
ight have therapeutic implications (eg, implantable car-
ioverter defibrillator implantation). The results of this
rospective study show for the first time that pathologic
arameters of cardiac autonomic nervous activity are
ssociated with impaired prognosis in patients with CCD.
igure 3. Clustered dot plot illustrating the relationship between
vent-free survival and parameters of heart rate variability. The
orizontal lines indicate the optimal cutoff value calculated on
eceiver operating curve analysis. SDNN, Standard deviation of
ll normal-to-normal intervals; SDANN, standard deviation of
ean values for all normal-to-normal intervals over 5 minutes;
MSSD, square root of the mean square differences of succes-aive RR intervals; HRVTI, heart rate variability triangular index.
52 The Journal of Thoracic and Cardiovascular Surgery ● Septehis finding is consistent with results reported in non-
ongenital cardiac patients.
RV and HRT
RV reflects the influence of the autonomic nervous
ystem on the heart, resulting in a fluctuation of the heart
ate around its mean value.2,3 Pathologic HRV has bee
hown to be a powerful and independent predictor of
dverse prognosis in patients with heart disease and in
he general population.3 In the UK Heart Study18 a re-
uction in a parameter of HRV, the SDNN, was the most
owerful predictor of mortality caused by progressive
eart failure. Decreased HRV after myocardial infarction
s associated with a markedly increased mortality.19 Sim-
larly, HRT has been identified as an important indepen-
ent predictor for mortality after myocardial infarction.
arameters of HRT were positively correlated with mor-
ality in the population of the multicenter postinfarction
rograms, the population of the control group of the
uropean Myocardial Infarct Amiodarone Trial, and the
opulation of the Autonomic Tone And Reflexes After
yocardial Infarction study.4,9,10 The European Myocar-
ial Infarct Amiodarone Trial study showed TS as an
ndependent predictor of mortality. In the Multicenter
ost Infarction Program (MPIP) and Autonomic Tone
nd Reflexes After Myocardial Infarction study TS was,
fter left ventricular ejection fraction, the second most
mportant predictor of mortality.4-6
rognostic Value of BNP
t has been demonstrated that BNP levels are associated
ith impaired survival in patients with heart failure of
arious causes.20,21 Recently, Book and colleagues22
emonstrated that BNP levels are increased in patients
ith CCD with right ventricular failure, which in itself is
Figure 2. Clustered dot plot il-
lustrating the relationship be-
tween event-free survival and
TO or TS values. The horizontal
lines indicate the cutoff values
(0 and 2.5). TO, Turbulence on-
set; TS, turbulence slope.n ominous sign in this population.23 Our results suggest
mber 2006
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Dhat high BNP values might be also be related to sudden
ardiac death in patients with CCD.
rognostic Value of Impaired Cardiac Autonomic
unction in Patients With CCD
eranged cardiac autonomic nervous activity has been dem-
nstrated in patients with CCD with different underlying
ardiac conditions.1,2 However, the prognostic value of
athologic cardiac autonomic function in patients with CCD
s unknown.
The results of the present study suggest for the first
ime that parameters of HRV and HRT are predictive of
urvival in patients with CCD. Our results show that
arameters of HRV are predictors of sudden cardiac
eath or cardiac arrest. Similarly, measures of HRT, TO
nd TS, provided important prognostic information. In
ddition, HRT and heart rate slope carried additional
rognostic information to each other and to other param-
ters of cardiac autonomic nervous function. In this study
he combination of TO and TS was a strong risk predic-
igure 4. Clustered dot plot illustrating the relationship between
vent-free survival and serum B-type natriuretic peptide levels.
he horizontal lines indicate the optimal cutoff value calculated
ABLE 4. Correlation between variables of heart rate vari
TS SDNN
TO 0.33/NS 0.20/NS
TS — 0.59/.001
S, turbulence slope; SDNN, standard deviation of all normal-to-normal i
ntervals over 5 minutes; RMSSD, square root of the mean square differenc
urbulence onset; NS, not significant.n receiver operator characteristic analysis. c
The Journal of Thoracicor, even after adjustment for other parameters of cardiac
utonomic nervous function, functional status, clinical
istory of arrhythmia, and neurohormonal activity. The
ombination of pathologic TO and TS emerged as the
trongest independent predictor of sudden cardiac death
r cardiac arrest, associated with a 59-fold increased risk
f sudden cardiac death or cardiac arrest. Several mech-
nisms might account for the prognostic value of HRT
and thus autonomic dysfunction) in patients with CCD.
t has been reported that autonomic dysfunction is asso-
iated with increased sympathetic activity, neuroendo-
rine activation, increased cytokine levels, and parasym-
athetic withdrawal, each representing an ominous sign
n patients with chronic heart disease.24-26 It appears
ikely that the remarkable prognostic information pro-
ided by parameters of autonomic dysfunction is thus due
combination of the prognostic value of these patho-
hysiologic variables.
tudy Limitations
his study was performed at a tertiary care center for
CD. Thus the sample of patients does not represent the
ypical population of CCD seen by a general practitioner
ty and heart rate turbulence (r value/P value)
DANN RMSSD HRVTI
.20/NS 0.27/NS 0.19/NS
.49/.003 0.63/.001 0.76/.001
als; SDANN, standard deviation of mean values for all normal-to-normal
successive RR intervals; HRVTI, heart rate variability triangular index; TO,
ABLE 5. Univariate Cox proportional hazard analysis
ariable Hazard ratio (95% CI) P value Wald 2
NP (mg/L) 1.003 (1.001-1.005) .0002 13.84
unctional class 4.05 (1.83-8.98) .0006 11.88
istory of clinical
arrhythmia
8.30 (1.61-42.84) .01 6.39
S 0.46 (0.252-0.853) .01 6.11
S pathologic 30.4 (28.2-32.5) .002 9.94
O pathologic 18.3 (16.1-20.4) .007 7.21
O and TS pathologic 69.6 (67.5-71.8) .0001 15.1
DNN 0.97 (0.94-0.99) .004 8.14
DANN 0.95 (0.92-0.98) .005 7.87
MSSD 0.928 (0.856-1.006) NS 3.301
RVTI 0.90 (0.82-0.97) .009 6.79
I, Confidence interval; BNP, B-type natriuretic peptide; TS, turbulence
lope; TO, turbulence onset; SDNN, standard deviation of all normal-
o-normal intervals; SDANN, standard deviation of mean values for all
ormal-to-normal intervals over 5 minutes; RMSSD, square root of the
ean square differences of successive RR intervals; NS, not signifi-abili
S
0
0
nterv
es ofant; HRVTI, heart rate variability triangular index.
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6
CH
Dr cardiologist. The prevalence of patients at risk in our
nstitution is likely to be higher than either that in re-
ional hospitals or that in departments of cardiology. In
ddition, the patient group might be biased toward more
ymptomatic patients. The main limitation of our study is
he small number of patients included. Therefore larger
tudies are necessary to determine the prognostic value of
RT and HRV not only on short-term but also on long-
erm prognosis in patients with CCD. In addition, we
annot exclude the possibility that the patients in the
tudy could be a biased sample, favoring those with
ystemic right ventricles. A larger study might allow
ufficient power to identify the prognostic value of HRT
ithin individual anatomic subgroups of congenital heart
isease.
We used time domain parameters of HRV. Spectral
nalysis might provide a more detailed analysis of HRV,
urther increasing the prognostic power of HRV param-
ters. However, the prognostic value of HRV parameters
easured in the time domain is well recognized in non-
ongenital cohorts.19 Furthermore, unlike spectral analy-
is, this method offers a simple means of identifying
atients with decreased variability and is widely clini-
ally available.
onclusions
CD is associated with cardiac autonomic dysfunction,
hich can be quantified by measuring HRT and HRV.
hese parameters are powerful ECG-related risk predic-
ors for sudden cardiac death not only in acquired cardiac
isease but also in CCD. The present study verifies for
he first time that HRT and HRV, alone or in combination
ith other parameters of neurohormonal activation,
ight be suitable predictors of prognosis in patients with
ABLE 6. Multivariate stepwise forward Cox proportional
azard analysis
ariable P value 2 Joint 2
O and TS pathologic .0003 12.99 59.33
NP NS 0.41
DNN NS 0.073
DANN NS 0.125
RVTI NS 0.305
unctional class NS 3.663
istory of clinical arrhythmia NS 1.844
urbulence onset and turbulence slope are included as categorized vari-
bles. TO, Turbulence onset; TS, turbulence slope; BNP, B-type natriuretic
eptide; SDNN, standard deviation of all normal-to-normal intervals;
DANN, standard deviation of mean values for all normal-to-normal inter-
als over 5 minutes; HRVTI, heart rate variability triangular index.CD. Larger studies are required to confirm the predic-
54 The Journal of Thoracic and Cardiovascular Surgery ● Septeive value of these parameters and potentially develop
rognostication scores.
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